The paper describes the state of the art and a brand new achievements in the field of application of thin hard coatings on heavy-loaded machine components, like gear, or rolling bearings.
INTRODUCTION
The development of transmissions and bearings is characterized by continuously increasing levels of torque and power, lightweight design, increased service life, improved efficiency and stringent noise requirements. Over the last years, the opportunities provided by conventional technologies to increase performance have been exploited. The future technologies for heavy-loaded steel parts are thin hard coatings.
The system approach to the heavy loaded coated machine components, together with properly selected lubricants, will enable a breakthrough in technology of manufacturing and maintenance of machines through a significant increase in their service life and reduction of environmental hazards. The authors give an overview of these problems.
BENEFITS FROM APPLICATION THIN HARD COATINGS ON MACHINE COMPONENTS
At present, thin hard coatings are commonly used on cutting and forging tools (nearly 80% cutting tools and over 40% forging ones are coated). The service life of heavy-loaded machine parts is essentially determined by two types of tribological failures: scuffing which is a severe form of mechanical wear, and pitting which is a surface fatigue phenomenon.
It has been proven that thin hard coatings, similar to those used for tools, reduce the risk of scuffing and do not require environmentally dangerous additives in lubricating media. A positive influence of the presence of thin coatings on machine components presented above proves a possibility of eliminating ecologically hazardous additives [1] . If the lubricating oil which is used in the steel-steel tribosystem does not contain lubricating additives, there is no protection against high-intensity wear. So to increase the life it is necessary to apply chemically active additives in the lubricating oil. The same effect can be achieved by applying a thin coating with low chemical affinity to the steel partner, through the reduction in the tendency of adhesive bonds creation. In this situation active additives which, as a rule, are toxic, do not have any significance, and may be removed from the lubricant without a risk of a radical increase in wear. So the role of lubricating additives is taken over by the thin coating.
Furthermore, the development of coating technologies enable to further development of main material in machinerysteel.
THE CHALLENGES
As was stated in above the share of mechanical components that are coated is extremely small (less than 2%). To change it one must overcome fifth challenges. Firstly, in case of e.g. gears the risk of sudden failures exists. When coatings are brittle they tend to crack on the surface. For coatings with good adhesion to the substrate this crack propagates into the substrate material. In this way the tooth root strength is reduced and tooth breakage may occur.
Secondly, the process of coating of machine components must be performed at relatively low temperatures. In gears, for example, process temperatures higher than the tempering temperature lead to the decrease of the surface and near-surface hardness and thus to an unacceptable reduction in gear tooth root strength. Today, however, the development of surface engineering technologies caused reduction of process temperatures.
The third challenge is connected with costs. In the case of machine components the application of coatings has so far been restricted to less cost-sensitive parts like e.g. plungers in injectors of all modern diesel engines and components in large hydraulic motors.
The fourth problem is pitting. Comprehensive research on rolling contact fatigue indicates that steel components with PVD coatings usually do not exhibit a satisfactory fatigue life. However the results obtained for a new coating are encouraged (Fig. 2) .
The fatigue behavior depends on a number of factors and their influence on this phenomenon is very far from clear. Therefore, the need of the development of surface technology that improves both the scuffing and pitting behavior of heavy loaded machine contacts is obvious.
Another challenge is expansion of the knowledge on factors affecting the possible synergetic action between the lubricant and coating.
It is obvious that none of the coatings used today are known to interact chemically with lubricants or their additives in the way metals do. This is because lubricants and their active additives were once developed to form protective films, by physical and chemical reactions, not on coatings (usually non metal) but on contacting metals (mainly steel).
THE SUCCESSFUL APPLICATIONS
There are many successful applications of thin hard coatings in various technical devices like engines, pumps, compressors, and transmissions [3, 4] . Due to coatings it is possible to prevent against the abrasive wear, scuffing and micropitting -table 1. As one can see the problem of application of thin hard coatings for heavy-loaded friction parts is still open. The progress in this area and expected advantages needs a new approach to an explanation of mechanisms destruction of coated elements, especially taking into account chemical and mechanical aspects of whole system coating-substrate, not only coatings. The base for that are a very fast development of thin coatings technology as well as facilities for experimental investigation of materials and friction processes.
